
United States Patent [191 
Tague et a1. 

4,423,483 
Dec. 27, 1983 

[11] 

[45] 

DATA PROCESSOR USING A READ ONLY 
MEMORY FOR SELECTING A PART OF A 
REGISTER INTO WHICH DATA IS 
WRITTEN 

Inventors: 

[54] 

[75] Steven A. Tague, Billerica; Virendra 
S. Negi, Pepperell, both of Mass. 

Honeywell Information Systems Inc., 
Waltham, Mass. 

Appl. No.: 220,219 

Filed: Dec. 24, 1980 

Int. Cl.3 .............................................. .. G06F 7/50 

US. Cl. .................................................. .. 364/200 

Field of Search 364/200 MS File, 900 MS File 

References Cited 

U.S. PATENT DOCUMENTS 

4,155,118 5/1979 Lamiaux ............................ .. 364/200 

4,240,144 12/1980 Kindell et al. 364/200 
364/900 

[73] Assignee: 

[21] 
[22] 
[51] 
[52] 
[55] 
[56] 

Assistant Examiner-Stuart D. Dwork 
Attorney, Agent, or Firm-George Grayson; Nicholas 
Prasinos 

[57] ABSTRACT 
A data processing system includes a commercial in 
struction processor (CIP) for executing decimal arith 
metic instructions. The operands processed by the CIP 
include packed decimal and string decimal operands. 
The decimal arithmetic instruction includes descriptors 
for describing the characteristics of the operands. A 
register coupled to an arithmetic logic unit stores dou 
ble words of the operands which are written into the 
register as double words, bytes or decimal digits. A 
multiplexer is responsive to control store signals and 
descriptor signals for generating write control signals 
which are applied to a read only memory. The read 
only memory output write signals select the decimal 
digit, byte or double word positions of the register for 
writing. 
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DATA PROCESSOR USING A READ ONLY 
MEMORY FOR SELECTING A PART OF A 

REGISTER INTO WHICH DATA IS WRITTEN 

RELATED APPLICATIONS 

The following US. patent applications ?led on an 
even date with the instant application and assigned to 
the same assignee as the instant application are related 
to the instant application and are incorporated by refer 
ence. 

1. “A Data Process Performing a Decimal Multiply 
Operation Using a Read Only Memory" by Virendra S. 
Negi and Steven A. Tague, ?led on Dec. 24, 1980 and 
having U.S. Ser. No. 220,218. 

2. “A Data Processor Having Units Carry and Tens 
Carry Apparatus Supporting a Decimal Multiply Oper 
ation” by Virendra S. Negi and Steven A. Tague, ?led 
on Dec. 24, 1980 and having U.S. Ser. No. 219,810. 

3. “A Data Processor Having Carry Apparatus Sup 
porting a Decimal Divide Operation” by Steven A. 
Tague and Virendra S. Negi, issued on May 17, 1983 
and having US. Pat. No. 4,384,341. 

4. “A Data Processor Using Read Only Memories for 
Optimizing Main Memory Access and Identifying the 
Starting Position of an Operand” by Steven A. Tague 
and Virendra S. Negi, ?led on Dec. 24, 1980 and having 
U.S. Ser. No. 219,809. 

5. “A Data Processor Having Apparatus for Control 
ling the Selection of Decimal Digits of an Operand 
When Executing Decimal Arithmetic Instructions” by 
Steven A. Tague and Virendra S. Negi. issued on May 
17, 1983 and having US. Pat. No. 4,384,340. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to the execution of 

decimal arithmetic instructions by a commercial in 
struction processor and more particularly to apparatus 
which selects portions of a register into which decimal 
digits, bytes or double words are written. 

2. Description of the Prior Art 
A data processing system which executes decimal 

arithmetic instructions includes a main memory for 
storing string decimal arithmetic instructions and oper 
ands. The operands are stored in main memory in dou 
ble words as string decimal operands or packed decimal 
operands. String decimal operands are made up of 4 
bytes per double word and packed decimal operands 
are made up of 8 decimal digits per double word. There 
are 4 bits in each decimal digit. 
The operands are processed in a serial fashion by an 

arithmetic logic unit. A register coupled to the arithme 
tic logic unit receives double words from main memory 
and either decimal digits or bytes in selected portions of 
the register as a l'esult of the execution of the decimal 
arithmetic instruction. 
US. Pat. No. 4,272,828, issued June 6, 1981, entitled 

"Arithmetic Logic Apparatus for a Data Processing 
System”, describes ?rmware controlled apparatus for 
writing decimal digits, bytes or words into a register. 
This system required a number of different ?rmware 
routines for the write operation which increas'ed the 
number of control store words required and limited the 
system throughput. 

It should be understood that the references cited 
herein are those of which the applicants are aware and 
are presented to acquaint the reader with the level of 
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2 
skill in the art and may not be the closest reference to 
the invention. No representation is made that any 
search has been conducted by the applicants. 

OBJECTS OF THE INVENTION 

Accordingly, it is a primary object of the present 
invention to provide improved apparatus requiring 
fewer ?rmware routines and having increased through 
put for writing decimal digits, bytes and double words 
into a register. 

SUMMARY OF THE INVENTION 

A data processing system includes a commercial in 
struction processor for processing decimal arithmetic 
instructions, and a main memory for storing the instruc 
tions and operands. 
The decimal arithmetic instructions include descrip 

tor words which de?ne the characteristics of the oper 
ands. A descriptor word includes a type bit at binary 
ONE de?ning the operand as a packed decimal oper 
and, and at binary ZERO de?ning the operand as a 
string decimal operand. A packed decimal operand 
includes 4 bit decimal digits storing up to 8 decimal 
digits per 32 bit double word. A string decimal operand 
includes 8 bit bytes, 4 zone bits and 4 decimal digit bits, 
storing up to 4 bytes per 32 bit double word. 
Operand words are read into a 32 bit register, 0P2 66 

from main memory, either a single or a double word at 
a time. The decimal digits are stored in 0P2 66 as string 
decimal bytes or packed decimal digits. Arithmetic 
operations are performed on the operand words and the 
results are written into 0P2 66, a byte or a decimal digit 
at a time. 
A read only memory generates signals which select 

the decimal digit position of 0P2 66 into which decimal 
digits, bytes or double words are written. The commer 
cial instruction processor executes decimal arithmetic 
instructions by processing the operands sequentially a 
byte or a decimal digit at a time. 
The decimal arithmetic instruction signals are re 

ceived by the commercial instruction processor which 
generates control signals which are applied to the se 
lect, enable and input terminals of a multiplexer. Also 
applied to a selected pair of input terminals are type 
signals representative of the state of the descriptor type 
bit. The multiplexer output signals and the position 
signals are applied to the input address terminals of the 
read only memory to generate the position signals of the 
next byte or decimal digit to be written into 0P2 66. 
The type signal at binary ONE results in the read only 
memory output signals selecting a decimal digit position 
in 0P2 66. The type signal at binary ZERO results in 
the read only memory output signals selecting a type 
position in 0P2 66. 

Control signals applied to the multiplexer may select 
other input signals to generate the multiplexer output 
signals which are applied to the read only memory to 
select the byte or decimal digit position signals. 
The novel features which are believed to be charac 

teristic of the invention both as to its organization and 
method of operation, together with further objects and 
advantages, will be better understood from the follow 
ing description when considered in connection with the 
accompanying drawings. It is expressly understood, 
however, that each of the drawings is given for the 
purpose of illustration and description only and is not 
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intended as a de?nition of the limits of the present in 
vention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the overall data process 
ing system. 
FIG. 2 is a block diagram of the commercial instruc 

tion processor 10. 
FIG. 3 is a block diagram of that portion of the CIP 

10 that relates to the decimal multiply operation. 
FIG. 4 is a detailed logic diagram which includes the 

multiply read only memory 54 which stores the prod 
ucts and the multiply register 52 which stores the multi 
plier digit. 
FIG. 5 shows the elements of a multiplication exam 

ple which are used to describe the invention. 
FIG. 6 describes the bit con?gurations of the data 

descriptors of the operands of the multiplication exam 
ple. 

FIG. 7 is a flow diagram of the multiplication exam 
ple. 

FIG. 8 shows the contents of the registers as the CIP 
10 is executing the steps of the ?ow diagram. 
FIG. 9 is a detailed logic diagram of the write selec 

tion apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is an overall block diagram of a data process 
ing system which includes a main memory 4, a plurality 
of input/output controllers 6 and a cache/memory man 
agement unit (C/MMU) 12; all coupled in common to a 
system bus 14. Coupled to the C/MMU 12 are a central 
processor unit (CPU) 2, a commercial instruction pro 
cessor (CIP) 10 and a scienti?c instruction processor 
(SIP) 8 via buses 20, 18 and 22, respectively. The 
C/MMU l2, CIP 10, CPU 2 and SIP 8 are coupled in 
common to a common bus 16. Also, CPU 2 is coupled 
to the CIP 10 and the SIP 8 via buses 24 and 26, respec 
tively. 
The CIP 10 executes a set of instructions designed to 

facilitate the processing of character strings and decimal 
data. The SIP 8 executes a set of scienti?c instructions 
particularly useful for FORTRAN applications. This 
set includes arithmetic operations on single and double 
precision ?oating point operands and single and double 
word integer operands. 

All instructions in a program under execution are 
received by CPU 2 from C/MMU 12 via buses 16 and 
20. CPU 2 determines from the operation code of the 
instructions if the instruction is to be processed by the 
CPU 2, the CIP 10, or the SIP 8. The CPU 2 receives 
status information from the CIP 10 or SIP 8 over buses 
24 and 26, respectively. If the CIP 10 or SIP 8 is avail 
able, the CPU 2 sends the necessary information out on 
common bus 16 and also bus 26 for the SIP 8. The CIP 
10 or the SIP 8 processes the instruction and is opera 
tive with the C/MMU 12 via bus 18 or 22 respectively 
and bus 16 for processing the instruction. 
The CIP 1|) processes instructions which include the 

following: 
1. Decimal arithmetic operations on string and 

packed numeric data. 
2. Alphanumeric and decimal move and compare 

instructions. 
3. Conversion between binary and decimal numeric 

representation. 
4. Edit instructions. 
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4 
5. Arithmetic shift instructions. 
Main memory 4 stores instructions and data and is 

operative with the C/MMU 12 for the transferring of 
instructions and data over system bus 14 under control 
of CPU 2 via bus 20. This operation is described in U.S. 
Pat. No. 4,030,075. 
The C/MMU 12 which includes a cache memory 

stores the instructions and data currently being pro 
cessed by the CPU 2, CIP 10 and SIP 8. The cache 
operation is described in US. Pat. No. 4,195,340. 
The CPU 2 is also operative for initiating transfers of 

data between the I/O controllers 6 and main memory 4. 
Referring to FIG. 2, all CIP 10 operations except 

initialization operations from a console are initiated by 
CPU 2 writing a 6 bit function code into a function code 
register 96 and a 32 bit double word of data into a por 
tion of a common bus data interface 80 via common bus 
16. The CIP 10 when activated transfers the low order 
6 bits of the double word into an instruction register 56. 
If the function code register 96 stores an output task 
function code 0716, then the low order 16 bits of the 
double word are stored in a portion of an address con 
trol unit 82 to allow the CPU 2 to request the previous 
instruction word at a later time. 
The contents of function code register 96 select a 

?rmware word in a control store 60 via control store 
addressing logic 58. The ?rmware word is loaded into a 
control store data register 62 and conditions CIP 10 to 
receive additional control information from CPU 2. A 
control store decode logic 61 generates control signals 
by decoding the output signals RD (JG-67+ from con 
trol store data register 62. Signals RD 52—67+ applied 
to control store addressing logic 58 results in control 
store 60 branching to a specified address location. 
The CIP 10 instructions operate on three data types, 

decimal strings containing binary coded decimal digits, 
alphanumeric strings containing ASCII characters and 
binary numbers having 16 or 32 bit precision. Decimal 
data operands are referenced by the location of the most 
signi?cant digit and length and may have one or two 
digits in a byte. Packed decimal operands store two 
digits per byte and string decimal operands store one 
digit per byte. 

String decimal operands may be unsigned and, as 
sumed positive, may have a leading sign byte placed 
before the most signi?cant decimal byte, a trailing sign 
byte placed after the least signi?cant decimal byte or a 
trailing overpunched sign included with the least signif 
icant decimal byte. 

Packed decimal operands may be unsigned implying 
a positive sign or have a trailing sign. 

Binary data operands have the most signi?cant binary 
bit as a sign bit with the binary point assumed to the 
right of the least signi?cant binary bit using 2's comple 
ment notation. 
The double words received by CIP 10 from CPU 2 

following the instruction word specifying a decimal 
arithmetic operation indicate the decimal type, string or 
packed, sign information, the length of the operand and 
the effective address. This is the address of the byte 
containing the most signi?cant character (4 or 8 bits/ 
character). 

Initially during the processing of a decimal numeric 
instruction, control store 60 generates signals via con 
trol store data register 62 causing the address control 
unit 82 to send the main memory 4 address of the oper 
and 1 word containing the sign character to C/MMU 
12. The operand 1 word containing the sign character is 
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received by common bus data interface 80 and stored in 
OPl 64 and OP2 66. The sign character is selected by 
selector 70 for transfer to a sign decode overpunch 
encode logic 74 where it is decoded into status bits 
indicating an illegal sign or a negative sign. The control 
store addressing logic 58 is responsive to the illegal sign 
status bit and the negative sign status bit. If the sign is 
legal, then the negative sign status bit is stored in the 
microprogram status register 94. The operand 2 word 
containing the sign is processed in a similar manner and 
stored in 0P2 66. Selector 70 transfers the sign charac 
ter to sign decode overpunch encode logic 74 where it 
is decoded into the illegal sign or the negative sign and 
stored in the microprogram status register 94. This 
allows the CIP 10 to abort the instruction and notify the 
CPU 2 if an illegal sign was detected. 
A decimal add instruction is indicated by an output 

task function code of 0716 and the instruction register 96 
storing hexadecimal 2C16. During the execution of the 
decimal add instruction, operand 1 is added to operand 
2 and the result of the addition is stored in the location 
in main memory 4 that stored operand 2. 
The CIP 10 waits for the CPU 2 to send the addi 

tional control information required for the CIP 10 to 
execute the decimal add instruction. The additional 
control information consists of up to 3 double words 
describing operand l and up to 3 double words describ 
ing operand 2. The last double word received from the 
CPU 2 is an output last data descriptor indicated by a 
function code of IP16. 
The ?rst of the 3 double words for each operand 

contains the effective virtual byte address of the oper 
and which indicates the start of the operand in main 
memory 4, that is, the leftmost or lowest addressed byte 
containing some of the operand. The second double 
word may contain an indirect length. The third double 
word contains the data descriptor which speci?es the 
data type'and the position within the initial word re 
ceived from main memory 4 of the start of the operand. 
The six double words are stored in the address control 
unit 82. 
The output of instruction register 56 addresses a 

word in control store 60 to start the CIP 10 execution of 
the decimal add instruction by sending the main mem 
ory 4 address for the low order word and operand 1 
containing the least signi?cant decimal digits to the 
C/MMU 12 via bus 18. The first word of operand 1 is 
read from main memory 4 or from a cache memory (not 
shown) in C/MMU 12 and transferred to CIP 10 via 
common bus 16 and stored in OP1 64. Similarly, the low 
order word of operand 2 is received by CIP 10 and 
stored in data scratchpad unit 50 and in 0P2 66. 
The bit of each data descriptor word describing the 

characteristics of the two operands (ASCII string or 
packed) and the computed position of the least signi? 
cant decimal digit in their respective low order words 
for operands 1 and 2 are stored in OPlA 84 and OPZA 
78, respectively. In addition, the length of operands l 
and 2 is stored in descriptor operand length processing 
logic 88. The operation of operand length processing 
logic is described in copending related application Ser. 
No. 219,809 entitled “A Data Processor Using Read 
Only Memories for Optimizing Main Memory Access 
and Identifying the Starting Position of an Operand”. 
The OPlA 84 output is applied to a selector 68 and the 
OP2A 78 output is applied to a selector 70 for selecting 
the operand 1 and operand 2 decimal digits as they are 
transferred from 0P1 64 and 0P2 66 for processing by 
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6 
a decimal/binary ALU 76, one decimal digit at a time. 
The resulting decimal digit of the addition is transferred 
from ALU 76 to 0P2 66 via an internal bus (BI) 100, 
replacing the operand 2 decimal digit that contributed 
to this result. The operation of OPlA 84 and OPZA 78 
is described in copending related US. Pat. No. 
4,384,340 entitled “A Data Processor Having Appara 
tus for Controlling the Selection of Decimal Digits of 
an Operand When Executing Decimal Arithmetic In 
structions”. 
OPlA 84 keeps track of the number of decimal digits 

remaining in OPl 64 from the transfer of the low order 
word. When the last decimal digit from the low order 
word is read from OPl 64 to ALU 76, OPlA 84 signals 
the branching logic in control store addressing logic 58 
to address a word in control store 60 which fetches the 
next word of operand 1 from main memory 4 via 
C/MMU 12. The address of the next word of operand l 
is sent from address control unit 82 to C/MMU 12 via 
bus 18. 

Similarly, OP2A 78 signals the branching logic in 
control store addressing logic 58 to enter into a ?rm 
ware routine to transfer the resulting word of the addi 
tion stored in 0P2 66 to common bus data interface 80 
for transfer to main memory 4 via common bus 16 to 
C/MMU 12 at the location specified by the address 
from address control unit 82 over bus 18. A copy of the 
result is stored in data scratchpad unit 50. A read cycle 
is initiated to read the next word of operand 2 by send 
ing the next address from address control unit 82 to 
C/MMU 12 via bus 18. 
When the processing of all of the decimal digits from 

operand 1 or operand 2 is completed, descriptor oper 
and length processing logic 88 controls the ?lling out of 
the ?eld of the result in accordance with the remaining 
decimal digits of the longer operand. 

Initially during the multiply instruction execution, 
the entire multiplicand, operand 2, is transferred from 
main memory 4 to the data scratchpad unit 50 via com 
mon bus data interface 80 and BI bus 100. A multiplier 
double word of operand l is transferred to 0P1 64 via 
common bus data interface 80 and BI bus 100. The least 
significant multiplier digit is read into a multiply regis 
ter/counter 52 from 0P1 64 via BI bus 100 and is ap 
plied to the input address terminals of a multiply pro 
grammable read only memory (PROM) 54. Each dou 
ble word of the multiplicand in turn is transferred to 
OPl 64 from the data scratchpad 50. Each multiplicand 
digit in turn is applied to the remaining input address 
terminals of PROM 54 from 0P1 64 via selector 68 to 
generate the partial product digits. Each partial product 
digit is applied to ALU 76 via selector 68 where it is 
added to a corresponding decimal digit stored in 0P2 
66 and the resultant partial product stored back in 0P2 
66. 
The next multiplier digit is read into multiply regis 

ter/counter 52 and the output applied to PROM 54. 
Again each multiplicand digit in turn is applied to 
PROM 54 and the partial product digits are applied to 
ALU 76 via selector 68 where they are added to the 
selected partial product digits stored in 0P2 66. Here 
again, OP2A 78 controls selector 70 to select the partial 
product digit to be applied to ALU 76. The partial 
product result from ALU 76 is again stored in 0P2 66 
via BI bus 100. 
When all of the multiplicand digits stored in data 

scratchpad unit 50 have been applied to the input ad 
dress terminals of PROM 54 along with the most signifi 
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cant multiplier decimal digit output of multiply regis 
ter/counter 52, the data scratchpad unit 50 contains the 
product of the multiplication. This product is written 
into main memory 4 via 0P2 66, common bus data 
interface 80 and common bus 16. 
A decimal division instruction is executed by receiv 

ing the dividend and divisor in common bus data inter 
face 80 from C/MMU 12 via common bus 16 for storage 
in the data scratchpad unit 50. Portions of the divisor 
are stored in 0P1 64 in turn and portions of the divi 
dend/partial remainder are stored in 0P2 66 in turn. 
The CIP 10 executes the decimal divide instruction by 
a series of successive subtractions and counting the 
number of successful subtractions in the ALQR regis 
ter/ counter 72. A successful subtraction is one in which 
the result is a positive number. 
The divisor in 0P1 64 is applied to ALU 76 through 

selector 68, a decimal digit at a time, the least signi?cant 
decimal digit ?rst. The dividend in 0P2 66 is applied to 
ALU 76 through selector 70, a decimal digit at a time. 
OPZA 78 controls selector 70 to select the decimal digit 
from 0P2 66 that would cause the most signi?cant 
decimal digits of the divisor in 0P1 64 to be aligned 
with the most signi?cant decimal digit of the dividend 
for the subtraction operation. A portion of the decimal 
division instruction operation is described in copending 
related U.S. Pat. No. 4,384,341 entitled “A Data Proces 
sor Having Carry Apparatus Supporting a Decimal 
Divide Operation". 
The output of ALU 76 is stored in 0P2 66 via BI bus 

100 and the contents of ALQR 72 are incremented if the 
result of the subtraction of the high order decimal digits 
with the divisor is a positive number. The divisor in 
0P1 64 is again subtracted from the result of the previ 
ous subtraction which is stored in 0P2 66 and the con 
tents of ALQR 72 again are incremented if the result of 
the subtraction is positive. 
When the result of the subtraction is a negative num 

ber, the divisor stored in 0P1 64 is then added to 0P2 
66 and the contents of ALQR 72 containing a quotient 
digit are transferred to the data scratchpad unit 50. 0P2 
66 and data scratchpad unit 50 now contain the result of 
the last successful subtraction in the high order decimal 
digits and the remaining decimal digits are the original 
low order decimal digits of the dividend. 
The divisor is subtracted from the dividend one digit 

position to the right of the previous set of subtractions 
to develop the next quotient digit. The subtraction oper 
ation is repeated as described above with ALQR 72 
being incremented for each positive result of the sub 
traction. 
The ?rst quotient digit stored in data scratchpad unit 

50 is transferred to 0P2 66 via BI bus 100. The contents 
of ALQR 72 containing the second quotient digit is 
transferred to 0P2 66 via selector 68, ALU 76 and 
internal bus 100 where it is appended to the ?rst quo 
tient digit for storage in the data scratchpad unit 50. The 
partial dividend is transferred back to 0P2 66 from the 
data scratchpad unit 50. 
The shifting of the divisor and subsequent subtraction 

operations are repeated until after computing a quotient 
digit with the least signi?cant decimal digit of the divi 
sor aligned with the least signi?cant decimal digit of the 
dividend. The last quotient decimal digit from ALQR 
72 is merged with the rest of the quotient in the data 
scratchpad unit 50 and the portion of the remainder 
now stored in 0P2 66 is stored into the data scratchpad 
unit 50 via BI bus 100. The quotient and remainder in 
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data scratchpad unit 50 are then stored in main memory 
4. 
A CIP indicator register 90 is set by the control sig 

nals to indicate the status of CIP 10. Register 90 in 
cludes an over?ow indicator which is set during deci 
mal operations when the receiving ?eld cannot store all 
significant digits of the result or a divide by zero is 
detected. A truncation indicator is set during alphanu 
meric operations when the receiving ?eld cannot con 
tain all characters of the result. A sign fault indicator is 
set during decimal operations when a negative result is 
stored in an unsigned ?eld. A greater-than indicator is 
set during the execution of certain decimal and alphanu 
meric instructions when the result is greater than zero 
for decimal numeric operations or operand 1 is greater 
than operand 2 for decimal or arithmetic comparisons. 
A less-than indicator is set during the execution of cer 
tain decimal and alphanumeric instructions when the 
result is less than zero for decimal arithmetic instruc 
tions or operand 1 is less than operand 2 for either deci 
mal or alphanumeric comparisons. 
A CIP mode register 92 stores an over?ow trap mask 

and a truncation trap mask which are indications of 
which special action the CIP 10 and CPU 2 should take 
when the overflow or truncation condition arises. 
A system clock logic 86 includes a 160 nanosecond 

four phase clock that provides clock signals to trigger 
all CIP 10 registers and all test and control flops, stabi 
lize registers after loading, signify that address, data, 
control and parity are valid allowing initiation ofa local 
bus cycle. In addition, the system clock logic 86 may be 
stalled when additional time is required to complete 
certain CIP 10 functions. The system clock logic 86 
generates a BUSY signal over common bus 16 to indi 
cate to CPU 2 that the CIP 10 is not available, receives 
a DCN signal from the C/MMU 12 bus to signal the 
CIP 10 that data for the CIP 10 is on the common bus 
8, generates a REQUEST for use of the common bus 16, 
and waits for a GRANT from the C/MMU 12. 
The microprogram status register 94 in addition to 

storing operand sign information also stores an indica 
tion if an overflow was detected in executing a decimal 
numeric instruction, whether an encode or a decode 
overpunched sign operation is required, and when a 
decimal add operation is completed. 

Referring to FIG. 3, the data scratchpad unit 50 in 
cludes a register ?le D (RFD) 50-1, a register/counter 
(AA) 50-2, a register/counter (AB) 50-3 and a MUX 
50-4. RFD 50-1 includes 8 4-bit random access memo 
ries organized to store l6 32-bit double words. RFD 
50-1 is addressed from either AA 50-2 via signals 
RFDAA 0-3 +, MUX 50-4 and signals RFDAD 0-3+, 
or from AB 50-3 via signals RFDAB 0-3 +, MUX 50-4 
and signal RFDAD 0—3+. RFD 50-1 is coupled to B1 
bus 100 via signals BIDT 00—31-. AA 50-2 and AB 
50-3 are loaded from BI bus 100 via signals BIDT 
8-11+. During the decimal multiply operation, AA 
50-2 stores the location in RFD 50-1 of the multiplicand 
words and AB 50-3 stores the location of the partial 
product words. 
The descriptor operand length processing logic 88 

includes a counter 1 88-1, a counter 2 88-2 and a counter 
3 88-3 coupled to a MUX 88-4 via signals CTRl 0—3+, 
CTR2 0—3+ and CTR3 0—3+, respectively; and cou 
pled to a MUX 88-5 via signals CTRl 4—7+, CTR2 
4-7+ and CTR3 4—7+, respectively. Signals RD 
16—19+ are applied to MUX 88-4 and signals RD 
20-23+ are applied to MUX 88-5 to provide miscella 














